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Abstract

TRANSIMS (Transportation Analysis and Simulation System) is
an integrated system of travel forecasting models designed to
give transportation planners accurate, complete information on
traffic impacts, congestion, and pollution. The underlying
TRANSIMS philosophy is that individual behaviors and their
interactions, as constrained by the transportation system,
generate the transportation system’s performance. To effect
that performance in a simulation, individual behavior must be
modeled. This presentation outlines the framework of software
modules that constitute TRANSIMS, providing details on their
purpose, input and output data, and algorithms; it also explains
how the TRANSIMS Selector holds the framework together.
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Los Alamos National Laboratory is leading this effort to develop these new
transportation and air quality forecasting procedures required by the Clean Air Act,
the Intermodal Surface Transportation Efficiency Act, and other regulations; it is part
of the Travel Model Improvement Program sponsored by the U.S. Department of
Transportation, the Environmental Protection Agency, and the Department of Energy.
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Outline

= approach
m Software modules

population synthesizer
activity generator
route planner

traffic microsimulator
emissions estimator
output visualizer

= the framework
= the “selector”

= examples

= future directions
= conclusion

TRANSIMS

Page 3 of 75



| —
| —
-
| —
| —
|
I
%
I
I
—
I
—

TRANSMS Approach

virtual metropolitan region created comprising complete
representation of a region’s . . .

* individuals

e activities

e transportation infrastructure

= Irips planned to satisfy individuals’ activity patterns

= movement of individuals across transportation network
simulated on a second-by-second basis

 realistic traffic dynamics produced from interactions of
individual vehicles

» vehicle pollutant emissions and fuel consumption estimated
= models iterated
« Stabilizes simulation

» allows travelers to react to information about the satisfaction of
their preferences
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Major TRANS MS Components

I

Households €—— Routes € ——

and and Lsimulation
Activities —» Plans >

L 1]

MODELS3 € — — = Emissions
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lteration in TRANSMS
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m feedback is required to stabilize a

nonlinear system

m the iteration process lets
activities, route plans, and traffic
converge to quasi-equilibrium

m Ssome experiments/studies need
to control the flow of information
among TRANSIMS components
between iterations

TRANSIMS

Iterat,ioh' 10 T 4
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Feedback in TRANSMS

The route planner only “sees”
link capacities and travel time
delays.

The traffic microsimulation
accounts for intersection
impedances and other vehicle
interactions in addition to link
capacities.

s Feedback of link travel time
delays output from the traffic
microsimulation into the route
planner is necessary in order
to generate realistic traveler
plans.

m  Example: Without microsimulation
feedback, the planner would think
that link C is congested and not

route any traffic through link D
onto link C.
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Population Synthesizer: Purpose

creates a regional population imitation
» demographics closely match real population

» households are distributed spatially to approximate regional
population distribution
« household locations determine some of the travel origins and
destinations
= Synthetic population’s demographics form basis for individual
and household activities requiring travel
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Population Synthesizer: Data Flow

Network Data
activity locations

T

STE-3A

* summary tables of
demographics

* available at census tract and

block group levels of detail

PUMS

* 50 sample of census records
* PUMA consisting of census

Population
Synthesizer

tracts, etc.
approximately 5,000
individuals

TIGER/Line
* using MABLE/Geocorr

* geographic layout of census
tracts and block groups

TRANSIMS

Synthetic Households

location
census tract / block group

Synthetic Persons
gender

age

schooling
employment (type, location,
hours)

transportation

income

Vehicles
vehicle id
household

initial network location
type of vehicle
emissions type
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A

Network Data

select demographics
and assemble
summary tables

Population Synthesizer: Algorithm

Synthetic
Households
Synthetic
Persons

draw households
from multiway tables
in census tracts

construct PUMA-
based multiway table
of demographics

f

—>

estimate multiway
table for each census
tract

choose geographic

level of detall
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Choice of Variables from STF-3A Summary Tables

= family households
e age of the householder [P24]
» family income [P107]
 number of workers in the family [P112]

o poverty status x race x family type x presence and age of
children [P124A,B]

= non-family households

» household type and gender [P17]

» race x household type x presence and age of children [P20]

» age of non-family householder [P24]

* non-family household income [P110]

* poverty status x age of householder x household type [P127]
= group quarters

e group quarters [P40]

e group quarters x age [P41]
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Example Household from PUMS in Portland, Oregon
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Age
Income
Status

Automobile

TRANSIMS

RS

26 26 7
$27k $16k $0
worker worker student
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households

TRANSIMS

Example Block Group (#312002) in Portland, Oregon

39

26 40 ]
31

21 38 @

17

37
37

307

321

49

151
40

block group | . |

33

31 34 19 104 37

38 32 19

126

Streets
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Activity Generator: Purpose

creates . . .
» household and individual activities
e activity priorities
e activity locations
e activity times
 mode and travel preferences
= generates travel demand sensitive to demographics of synthetic
population

= activities form basis for determining individuals’ trip plans for the
region
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Activity Generator: Data Flow

<__Synthetic Population >

Activities
participants

activity type

activity priority
starting time, ending time,

| —
-

| —
| —
|
I

%
I
—
I
—

Household Activity

Su rvey duration (preferences and
* representative sample of bounds)
population * mode preference

vehicle preference
possible locations

* including travel and activity
participation of all household
members

recorded continuously for 24+
hours

Activity
Generator

Network Data
nodes

* links

* activity locations (includes
land use and employment)
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Activity Generator:

Algorithm

Synthetic
Population

match synthesized
households with survey
households using
regression keyed on
household
demographics

choose activity times
by randomizing survey
household times

A

f

Household
Activity Survey

create skeletal activity
patterns by stripping
locations from survey

and organizing via trips

Network Data

TRANSIMS

generate trip chains
and activity locations
using continuous
gravity model based on
synthesized household
location

handle commercial
activities and itinerant
travelers through
origin-destination
matrix methods
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Example Prediction Tree Using Household Demographics

all households
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TRANSIMS

—  workers=0 |} —
—  workers=1 |}
| workers=2 |
——  workers>=3 |} —

- |_persons=1 | [ _hhage<385 ]
4' hhage >= 38.5 I
| persons=2 | | | hhage<53 |
—l hhage >= 53 |
L4 persons>=3 |
persons=1 |
E persons=2 | | [ _agesStol7=0 ]
- Lagestiol/ o1 ]
| persons=3 | | | agesStol7<=1 |
—l agesStol? >=2 |
- |__persons=4 |  [_ages5tol7<=1 ]
- |_persons>=5 | [ ages5tol7<=2 ]
—l agesstol7 >=3 |
persons=2 |
E persons=3 |
—| persons>=4 | hdensity < 1.295 |
- hdensity >= 1.295 |
—A persons=3 |
— persons>=4 |

—f income<55 |
L4 income>55 |

—l hhage<29.5 |
—l hhage >= 29.5 |
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Example Activities in Portland, Oregon

i

first person in household

4 x L
( LUNCH\’\ ' E
\\ WORK 4."\#'\\\ ~A =
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Route Planner: Purpose

generates regional individual activity-based travel demand by
assigning . . .
e activities
* modes
e routes
to individuals in the form of trip plans
= Irip plan is a sequence of . . .
 modes
e routes

» planned departure and arrival times at origins, destinations, and
mode changing facilities

= Irip plan selection related directly to each individual’s goals

= Individual trip plans form basis for traffic simulation that
accounts for interactions among travelers
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Route Planner: Data Flow

Link Travel Times

Traveler Plans

vehicle start and finish

parking locations

* vehicle path through network

* expected arrival times along
path

* travelers (driver and

passengers) present in

vehicle

traveler mode changes

Vehicles

1

Activities

A

Transit Data
route paths in network
schedule of stops
driver plans

vehicle properties (e.g. bus
capacity)

Route
Planner

Network Data
nodes

links

lane connectivity
activity locations
parking places & transit stops
"process” links
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Route Planner: Algorithm

Link Travel find the path in the

layered graph with express the optimal path
minimum generalized m—1]-' as a series of legs for the
cost that satisfies the traveler’'s plan

traveler’s constraints

f

convert activity
preferences for a traveler
into a constraint (an
expression in a formal
language) for the graph
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Network Data >

Traveler Plans

decompose the

Transit Data transportation network
into a layered graph

Network Data
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Example Layered Multi-Modal Network
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/ _ /_‘ -\ o /_ _”/
activity
location
- ~—— — — -
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- <% <————C—
parking lot 8
a —
" _bus stop e /0 ~
- e — — bus

e P
" rail stop / N light rail
= > ¢
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w = “only walk”

s Each mode
transfer passes
through a process
link where time
and other costs
are incurred.

TRANSIMS

Formal Language for Mode Preferences

s Symbols represent different modes:

o W ="walk,”c = “car,”b = “bus,” | = “light rail,”t = (b|l) = “bus or light rail”
m A series of symbols expresses a mode preference:
wew = “walk, then drive a car, then walk”
wctw = “walk, then drive to a transit stop, then take transit, then walk”
blb = “ride bus, then transfer to light rail, then ride bus”

activity activity activity

walk network location location location

X
£
. 0
generalized a
costs are > 8 X
incurred during s =
mode transfer ;
transit N
stop o
bus network I i
o time delays are
_ o incurred during
generalized — mode transfer
costs are
incurred during
mode transfer
parking

location

car network

Page 23 of 75



Example Route Plans in Portland, Oregon
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Example Route Plans in Portland, Oregon

«—— single plan

IIIIIIIIIIIIIIMM“ |

plan volumes —*
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Traffic Microsimulator: Purpose

= Simulates the movement and interactions of travelers throughout
a metropolitan region’s transportation system

o executes travel plans provided by the Route Planner

e computes the overall intra- and inter-modal transportation
system dynamics

= combined traveler interactions produce emergent behaviors
such as traffic congestion

= microsimulation output forms basis for environmental
calculations and for iteration decision-making
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Traffic Microsmulator: Data Flow

Network Data
nodes

links

lane use and connectivity
intersections (signs and
signals)

* activity locations

parking

transit stops

Traveler Events
traveler id, trip id, leg id
time, location
inconvenience measures
anomalies

events

(Vehiclesj

Simulator

Traffic
Micro-

Snapshot Data
e vehicles on links
e vehicles in intersections

Transit Data
route paths in network
schedule of stops
driver plans

vehicle properties (e.g.
tarting location)

@veler Plans

TRANSIMS

* traffic controls
vehicle sub-populations

Summary Data
link travel times
link/lane densities

turn counts
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Traffic Microsimulator: Algorithm

. partition network
= Network Data over computational .Traveler Events
= nodes (CPNSs)
* Snapshot Data
o —
% e DAl queue vehicles on Summary Data
| parkin%places
place travelers in
Traveler Plans smulation collect output
update traffic let vehicles enter
signal states intersections
perform lane let vehicles leave
changes intersections
let vehicles leave transfer vehicles to
parkin;places other CPNs
move vehicles > let vehicles enter
forward on links parking places
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Cdlular Automaton Microsimulation

intersection with multiple
turn buffers (not internally
divided into grid cells)

single-cell vehicle

I

Translt
stop
Parking

multiple-cell vehicle

7.5 meter x 1 lane cellular
automaton grid cells

— el e D e )
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Cellular Automaton Driving Rules

= movement forward on grid based on . . .

e gap to next vehicle

e current speed

 maximum speed
= lane changes based on . . .

» chosen approach lane to next intersection

e current speed

e gap to next vehicle in current lane

e gaps to previous and next vehicles in new lane

(additional special cases for turn and merge pocket lanes)

= Intersection entry based on . . .

o position/speed on link

e occupancy of intersection buffer

» state of oncoming/interfering traffic

= fotal of about twelve adjustable parameters for driving rules
TRANSIMS Page 30 of 75
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The traveler has
Jjust become lost
because he/she
cannot make the
left turn he/she
planned on
making at this
intersection.
This event is
reported.

TRANSIMS

Traveler
Events

Traffic Microsimulator: Output Types

<
=
= = —_—
,f =Y
] /
The state of /
The state of each | |each vehicle in
vehicle on the the intersection
link is reported. is reported.
The state
of the
traffic
control is
reported.
<<

ot i

==
/

{

The
traversal

The vehicle counts and velocities in
"boxes" along the link are summarized.

times for
vehicles
that have
traveled
the length

link 7,
id,
! YOx Py
POSIl’Ion’ Ve g
Cle co
unt, s

O,
f VeIOCities
Summ-

of the link

link id, vehicle count, sum of travel times ary

are summ-
arized.

Data
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Example Vehicle Trajectories

= S
=

tir_ne

distncelonl
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Example Traffic for Dallas, Texas
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Emissions Estimator: Purpose

= [ranslates traveler behavior into consequent. . .

e air quality
s energy consumption
» pollutant emissions

= produces estimates of tailpipe and evaporative emissions for
light- and heavy-duty vehicles as a function of vehicle . . .

» fleet composition
o Sstatus
e dynamics
= emissions output forms basis for the computation of pollutant

concentrations, atmospheric conditions, local transport and
dispersion, and chemical reactions
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Emissions Estimator: Data Flow

Vehicles
make and age
technology
power-to-weight ratio
functioning or malfunctioning
emission control system

A

Microsimulator Output
* traveler events
* summary data

Emissions

External Data Sets Estimator

California Air Resource Board

Emissions Inventor

(CARB) stratified trajectories
“three cities” driving behavior

Network Data
* nodes and links

* activity locations, parking
places, and transit stops

TRANSIMS

MODELS3 Database

CO, NO,, non-methane
hydrocarbons, particulate
matter

CO,, fuel consumption

30 meter resolution along
road segments

15 minute resolution in time
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Emissions Estimator: Algorithm

estimate heavy-duty
tailpipe emissions via
West Virginia model

m infer types of
throttling from gaps in
front of vehicles

Microsimul-
ator Output
External
Data Sets *
estimate light-duty
tailpipe emissions via
Network Data Riverside / Michigan
modal emissions

model

A

Emissions
Inventory

MODELS3
Database

estimate fuel
evaporation via
Mobile 5 & Mobile 6
algorithms

infer smooth vehicle
trajectories
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Vehicle
Synthetic
Population

Fleet
Dynamics
Power (v/ADist.)

12,..12 13 14,..25

Micro- LDV
simulation Aggregate
Results Dynamics
1
2
40
HDV
Planner Aggregate
Truck Loads Dynamics

TRANSIMS

Emissions Estimator Details

EVAP

LDV
TAILPIPE

HDV
TAILPIPE

Power Dist.
by Time and
Seg.

Decds Accels

Emission
Inventory

- NO - Chemistry
- CO - Transport
- HC - Dispersion
- Part.

30 m by 15 min.

Regional

MODELS 3| Air Quality

- Ozone
- Part.

. N02

- CO

- HC

3-D concentrations
hourly horizontal
res. 1”5 km
vertical res.
20”500 m.
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Example Hydrocarbon Emissions in Dallas, Texas
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Output Visualizer: Purpose

allows an analyst to view and animate data generated by any
other TRANSIMS module

= provides a unified and flexible means for exploring the
voluminous output data potentially available

i
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Output Visualizer: Data Flow

two or three
dimensional
presentation

Traveler Plans

Microsimulator Output

1L

Emissions Inventory

static or

"Box" Data Files animated view

e time

* link (with node being
approached)

* length and position of box

e arbitrary data columns for any

floating-point data to be

viewed

Output
Visualizer

interactive or
batch mode

Network Data
* nodes, links, lanes

* traffic controls

* activity locations, parking
places, transit stops

individual or
summary display
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Example Output Visualization

=
=
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TRANS MS Network Data
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Example Network for Portland, Oregon
~125,000 links
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TRANS MS Software Modules

= general characteristics

e can be treated as “black boxes”

e simple invocation

» well-defined parameter sets

» well-defined input/output file specifications
= Several currently available

» population synthesizer

e activity generator

* route planner

 traffic microsimulator

e emissions estimator

o output visualizer

» alternate modules performing identical functions (but using
different algorithms) can coexist

= completely new types of modules can be created
TRANSIMS Page 44 of 75
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Data Flow for Current TRANS MS Modules

— — — g | — — g e — — — — — g — — — g — —— — -

3 / c ( / Traveler [ / Transit ( / Network ( / Air Quality/ /Arbitrary Boxl’
I it ) ) survey ) ) ) ) ) ) surveys ) ) Data )
S L — — 2 - - — R L — - L — — L — -
o
=

T

(%]

[<B]

= Population Activity Route Traffic Micro- Emissions Output

= | Synthesizer Generator Planner simulator Estimator Visualizer
(%]

Q@

(i

S

=

>

o

o3 Synthetic . : Traveler Simulation Emissions MODELS3
‘g_ ﬂopulatior/ / Activity / / Vehice / / Plans / / Output / Inventory / Database

=

= A TRANSIMS selector and iteration script control when modules are
run and how the data are routed between modules.
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TRANS MS Framework

flexible software system
for transportation planning studies/experiments
supports the future growth of TRANSIMS technology
building blocks
» software modules
— Standardized command file
— Standardized input/output interface requirements
— several major modules already available
— third-parties may replace or add new conforming modules

— reusable C++ libraries for building TRANSIMS objects
(network, plan, activity, and simulation output )

— high-performance, parallel/distributed computing
» Simulation data files
— well-documented text formats
— Interface library callable from C, C++, FORTRAN, etfc.
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TRANSMS Framework (continued)

e data manipulation tools
— filtering, sorting, indexing, merging, searching, summarizing,
“noising”
— for standard data files
» tools for controlling iteration between modules
— ‘“jteration database” with history of iterations
— “selector” controlling and supervising iteration process
o jteration “scripts”
— define a study or experiment
— predefined for typical studies
+ calibration
+ sensitivity analysis
+ convergence/equilibration of activities, plans, and traffic
= many possible combinations of above “building blocks”
[1 many possible realizations of TRANSIMS
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Population

Synthesiz

software modules

Selector
Statistics

iteration data files

TRANSIMS

A
2

arepdn/abiaw

software tools

‘10S ‘I3l

Building Blocks in the TRANSMS Framework

new activities

recalculate
emissions

resimulate
travelers

—_—
replan
travelers reassign ew plans
wavelers
data flows

Emissions
Inventory

simulation data files
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One Realization of TRANSMS

Q
RN
S
&
v

Population

Synthetic

Y

Synthesizer

J10)09|9S

reassign
travelers

Activity

-

Generator

replan
travelers

Route
Planner

new activities

asiou
‘ablaw

‘Hos ‘1211

»

resimulate
travelers

_| Traffic Micro-
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Slector: Purpose

controls when modules are run and how the data are routed
between modules

operates in conjunction with an “iteration script” that provides
the top-level control for a series of TRANSIMS iterations

= no single, “standard” Selector component
 different study designs involve different iteration schemes

» a variety of Selectors have uses in different studies or other
contexts
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lteration Database

record of traveler iterations

within a study

* attributes representing
guasi-static information about
travelers

* expectations encompassing
planned activities, routes, and
times

* experiences comprising

information extracted from

detailed microsimulation

output

analyst may customize

contents for a particular

study

A

TRANSIMS

SAector: Data Flow

Selector

Selection Choices
list of the travelers that will be
reassigned activities,
replanned, resimulated, etc.
embodies the detailed
decisions of the Selector

Selector Statistics
basic summary of choices
made

how many travelers are being
reassigned activities or plans
distributions of the difference
between expected and
experienced travel times for
various traveler population
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Slector: Generic Algorithm

-------------------------’
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replan, or resimulate to replan Choices _4~a.| Traffic _l
Microsim.
select travelers
to resimulate

Selector
Statistics
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Example Selection Strategies

replan routes for travelers who have simulated travel times
differing too much from their planned travel times

reassign activities for households if any member is too late for
work

= average microsimulation output from several runs

=  Switch to a higher fidelity microsimulation midway through the
iteration process

= reject newly-generated route plans for some travelers based
on their travel preferences

m alter transit schedules based on travel demand
= adjust pricing based on network congestion

= mimic traveler information system by adding different levels
of random noise to feedback data for different travelers

= change selector to be used in next iteration
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Population Synthesizer

Activity Generator

Route Planner

Traffic Microsimulator

Emissions Estimator

TRANSIMS

Example Study: Strategy for Iterations
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Example Study: Selector

for iteration 1 . . .

* request that the population synthesizer be run
for iterations 2, 9, 16 . . .

» read the iteration database

« identify households containing travelers more than 15 minutes
late for their work activity

* request that the activity generator be run for those households
= foriterations 3, 5, 7, 10, 12, 14, 17, 19, 21 . . .
» read the iteration database
o identify travelers more than 5% late for any activity
* request that the route planner be run for those travelers
= foriterations 4, 6, 8, 11, 13, 15, 18, 20, 22. . .
* request that the traffic microsimulator be run
= for iteration 23 . . .
* request that the emissions estimator be run
TRANSIMS Page 56 of 75
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Example Study: Iteration Database Fields

Household ID

Traveler ID

s Age

= Gender

= /ncome

= Working Status

= TripID

= Beginning Activity Type
= Beginning Activity Location
m Ending Activity Type

= Ending Activity Location
m Preferred Arrival Time
s Planned Arrival Time

s Simulated Arrival Time

TRANSIMS
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Example Study: Iteration Script

|for iteration := 1 to 23 do
choi ce .= Sel ector exanple.config sel.log
I f choice = 1 then
Popul ati onSynt hesi zer exanpl e. confi g pop. | og
else if choice = 2 then
ActivityGenerator exanple.config act. | og
else if choice = 3 then
Rout ePl anner exanpl e. confi g pl an. | og
else if choice = 4 then
TrafficM crosi nul ator exanple.config sim/log
else if choice = 5 then
Em ssi onsEsti mat or exanpl e. config em s. | og
end if
Archivelteration iteration
end for

T
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Example Sudy: Configuration File

| NET_DI RECTORY /transi ns/portl and/ net
NET NODE TABLE Base Case Nodes. t bl
NET LI NK TABLE Base Case Links. tbl

T

TRANSI T_SCHEDULE FILE /transins/portl and/tr-sched. dat
TRANSI T_ROUTE_FI LE /transi ns/portl and/tr-route. dat

CA MAX SPEED 4.5

CA MAX ACCELER 0. 4

CA DECEL_PROB 0.2

CA RANDOM SEED 419845

CA VEH CLE FI LE /transi ns/portl and/ vehi cl es. dat
PAR_COVMUNI CATI ON PVM
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Example Study: Iteration O
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Example Study: Iteration 1

U,
%"./@

I /owemny

reassign
travelers

Y

replan

travelers

10123|8s

resimulate

travelers

recalculate
emissions

Selector
Statistics

TRANSIMS

Population ‘ﬂynthetic j
Synthasizas .\ Donulotion
Activit 328 o
y —2 »{  Activity Set
Generator new activities |® @ o update
538
Route Planner 28 W > Plan Set 3
newplans |® @ o update ol
- e
----------- g
I I s
e I 2
1 /Link Summary\ | ®
= | Output |
Traffic Micro- REEE] N !
simulator newoutput |® @ 8| update | I
- : Traveler Event :
: Output : )
roll back time, or pause | | Population ®
= Activities
Emissions 238 Emissions
Estimator new %8 8| update Inventory Plans
emissions ! .
Traffic
L Emissions

Iteration
Database

iteration number

Page 61 of 75



Example Study: Iteration 2
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Example Sudy: Iteration 3
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Example Study: Iteration 4
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Example Study: Iteration 5
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Example Study: Iteration 6
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Example Study: Iteration 7

e

N

———r

TRANSIMS

Population

>

ﬂ nthetic j
D

Yy
iw'\\lllf\fir\n

Synthasizax

Traffic Micro-

Link Summary
Output

sinamiede cimulator

Siou
Biaw
S ‘Il

ivi =33
- Activity 2.2 »{ Activity Set
reTS——— AR AR PTG
travelers -
538
» Route Planner 28w »  Plan Set 3
| e — E . .
a Ladveicis | | | \. ‘ % ILCiLaug i
——————————— ‘g_ upda’[e Da.ta.b e
% L

udavelers

Emissions

s

|

roll back time, or pause

|7 Traveler Eventy |
: Output :
i i

Emissions

recalculate Estimator
emissions

Selector
Statistics

‘ablaw
‘HoS “IaYly

asiou

Inventory

Population

Activities i

~

Plans ®
Traffic O-©

Emissions

iteration number

Page 67 of 75



Example Study: Iteration 8
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Example #1. Core TRANSMS Sudy
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Example #2: Core TRANSMSwith ITS Sudy
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Example #3: 10C-1 Dallas-Ft. Worth Study
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Example #4. Land Use Sudy
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Example #5: Study Using “Monolithic” Software
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Future Directions

= Portland regional case study
» base case with validation and analysis
» generic local streets and signalization
= ITS enhancements
» rollback of time in microsimulator
» dynamically-changing networks
 more complex data flows and selectors
— emulation of detection devices
— modeling of traveler information systems
= more flexibility
» alternate versions of modules with different algorithms
e new types of modules
* new selectors and selector support tools
* new template “iteration scripts” for experiments
= optimization of existing software
TRANSIMS Page 74 of 75

| —
| —
-
| —
| —
|
I
%
I
—
I
—



Summary

‘= flexible software system
» Joosely coupled building blocks
— components
— data files
— tools
— selectors
— [teration scripts
* Integrated
e customizable
» extensible

[1 many possible realizations of
TRANSIMS

= [0 meet research community and
MPO needs
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